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Background: The role of environmental factors in lumbar intervertebral disc degeneration (DD) in young adults is 
largely unknown. Therefore, we investigated whether body mass index (BMI), smoking, and physical activity are 
associated with lumbar DD among young adults. 

Methods: The Oulu Back Study (OBS) is a subpopulation of the 1986 Northern Finland Birth Cohort (NFBC 1986) 
and it originally included 2,969 children. The OBS subjects received a postal questionnaire, and those who 
responded (N = 1,987) were invited to the physical examination. The participants (N = 874) were invited to lumbar 
MRI study. A total of 558 young adults (325 females and 233 males) underwent MRI that used a 1.5-T scanner at the 
mean age of 21. Each lumbar intervertebral disc was graded as normal (0), mildly (1), moderately (2), or severely (3) 
degenerated. We calculated a sum score of the lumbar DD, and analyzed the associations between environmental 
risk factors (smoking, physical activity and weight-related factors assessed at 16 and 19 years) and DD using ordinal 
logistic regression, the results being expressed as cumulative odds ratios (COR). All analyses were stratified by 
gender. 

Results: Of the 558 subjects, 256 (46%) had no DD, 117 (21%) had sum score of one, 93 (17%) sum score of two, 
and 92 (17%) sum score of three or higher. In the multivariate ordinal logistic regression model, BMI at 16 years 
(highest vs. lowest quartile) was associated with DD sum score among males (COR 2.35; 95% CI 1.19-4.65) but not 
among females (COR 1.29; 95% CI 0.72-2.32). Smoking of at least four pack-years was associated with DD among 
males, but not among females (COR 2.41; 95% CI 0.99-5.86 and 1.59; 95% 0.67-3.76, respectively). Self-reported 
physical activity was not associated with DD. 

Conclusions: High BMI at 16 years was associated with lumbar DD at 21 years among young males but not among 
females. High pack-years of smoking showed a comparable association in males, while physical activity had no 
association with DD in either gender. These results suggest that environmental factors are associated with DD 
among young males. 
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Background 

Failed nutrient supply to the disc cells has been claimed to 
be the primary cause of intervertebral disc degeneration 
(DD) [1]. The metabolism of the avascular intervertebral 
disc is dependent on the diffusion of fluid which solutes 
into and out of the disc, and the disc cells do not survive 
prolonged exposure to low glucose concentration [2,3]. 
Impaired nutrition could also explain the association be- 
tween reduced lumbar artery blood flow and DD [4,5]. 

Environmental factors such as smoking, obesity and 
physical inactivity may enhance development of DD by 
reducing blood flow. In experimental models nicotine 
caused stenosis of vascular buds, perivascular calcifica- 
tion, necrotic changes in endothelial cells and narrowing 
of the vascular lumen [6] and smoking induced DD [7], 
obesity increases the risk of atherosclerosis due to re- 
lated atherogenic dyslipidemia [8], and physical activity 
has a direct effect on the movement of nutrients into 
the disc [9]. 

The role of nutrition as the main initiator of DD has 
been questioned since genetic and early environmental 
factors accounted for most of the variance in DD, while 
environmental factors played only a negligible role 
[10,11]. However, almost all studies on the effect of en- 
vironmental factors on DD have been performed in adult 
populations, and it is possible that the effect of environ- 
mental factors is more visible at a young age. 

Our study population provides an excellent opportun- 
ity to assess the role of environmental factors in DD, as 
the cohort members have been followed up since birth. 
In the present study, we evaluated the effect of persistent 
smoking, body weight and physical activity at the ages of 
16 and 19 years on lumbar DD in lumbar magnetic res- 
onance imaging (MRI) performed at a mean age of 21. 

Methods 

Study population 

In 2001-2002, when they were approximately 16 years 
old, all living members of the 1986 Northern Finland Birth 
Cohort (NFBC 1986) whose addresses were known (n = 
9215) received a postal questionnaire and 7344 adoles- 
cents (80%) responded. Questionnaire data, and body 
weight, height and waist circumference (WC) measured 
during the health examination at the age of 16 were avail- 
able for 6795 subjects. In 2003-2004, when the cohort 
members were approximately 18 years old, a second postal 
questionnaire was sent to all those living within 100 km of 
the city of Oulu (n = 2969; Oulu Back Study; 801 subjects 
had not participated in the 16-year assessment). The re- 
spondents (n = 1987, 67% of those who received the ques- 
tionnaire; 278 subjects had not participated in the 16-year 
assessment) were invited to a physical examination in 
2005-2006 in which height, weight, and WC were mea- 
sured. A total of 874 participants (44% of those invited, all 



having participated in the 16-year assessment) attended 
the examination at a mean age of 19. All participants of 
the physical examination were invited to undergo in lum- 
bar spine MRI at a mean age of 21 (Figure 1). Of them, 
563 attended MRI but five subjects interrupted the pro- 
cedure due to claustrophobia. Therefore, a final total of 
558 participants (64% of those who participated in the 
physical examination; 19% of the population of Oulu Back 
Study) completed MRI examination in 2007-2008. 

The study population was a subpopulation of the NFBC 
1986, which consists of 9479 children with an expected 
date of birth between July 1, 1985 and June 30, 1986 in the 
two northernmost provinces of Finland; Oulu and Lapland. 

Some differences between the non-participants (n = 
2408) and potential MRI participants (n = 563) have been 
previously reported [12]. In short, a slightly higher propor- 
tion of the participants were females (58% vs. 47%), phys- 
ically more active (67% vs. 62% participating at least twice 
a week in brisk physical activity) and non-smokers (91% 
vs. 85%;) than non-participants, but a higher proportion of 
them suffered from low back pain (46% vs. 40%). We also 
noted that the non-participants had more missing data 
than the participants. 

The Ethics Committee of the Northern Ostrobothnia 
Hospital District approved the study plan and the study 
was performed according to the Declaration of Helsinki. 
The participants signed an informed consent prior the 
study enrollment. 

Lumbar magnetic resonance imaging 

Participants were scanned using 1.5 T unit equipment 
(Signa, General Electric, Milwaukee, WI, USA) with a 
phased array spine coil (USA Instruments, Aurora OH, 
USA) and two imaging protocols of the entire lumbar 
spine: a sagittal Tl-weighted (440/14 [repetition time 
msec/echo time msec]) spin echo, and T2-weighted 
(3960/116) fast spin echo. The slice thickness was 4 mm, 
with a 1 mm interslice gap. The detailed MRI protocol has 
been presented elsewhere [12]. 

We used Modified Pfirrmann classifications (grades from 
one to five) to assess the degree of DD from T2-weighted 
images [12,13]. Grades 1 to 2 were classified as normal 
discs, while grades 3 to 5 were defined as degenerated. A 
sum score of DD was obtained by summing the scores of 
each lumbar disc. Normal discs (Grades 1 and 2) were 
scored as 0, and with each higher degree of DD the score 
increased by one. Therefore, the sum score could theoretic- 
ally range from 0 to 15 for five lumbar discs, but the actual 
measurements yielded values of 0 to 8. 

DD was evaluated by two experienced musculoskeletal 
radiologists (JN and RB), who were blinded to all demo- 
graphic and clinical data. The inter-rater reliability between 
the radiologists was poor for Ll-2 and L2-3 disc degener- 
ation (k = 0.05 and 0.12, respectively), but moderate to good 
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Year, age 



Study samples 



Non-participants 



Data source 



2000-01 
1 5-1 6 years 



6,795 (74%) adolescents responded and 
participated in health examination 



801 non- 
participants in 
health examination 
•Living within 
100km from the 
city of Oulu 



Questionnaire and health 
examination for adolescents 



Gender, height, weight, 
smoking status, physical 
activity level, sedentary 
behaviour 



N = 4,627 

■Living outside the radius of 100 
km from the city of Oulu 



Oulu Back Study (OBS) 
Subjects within 100 km from Oulu: 2,969 
eligible for the further study 




N = 982 

•Non-respondents 



2003-04 
17-18 years 



1 ,987 responded (67%) were invited to a 
physical examination 
-278 non-participants in health examination 



N = 1.113 
•Refused 1.113 



2005-06 
19-20 years 



874 (44%) participated in the physical 
examination and were invited to lumbar 
magnetic resonance imaging (MRI) 
•All subjects participated in health examination 



Questionnaire and physical 
examination for young adults 



Gender, height, weight, 
smoking status, physical 
activity level, sedentary 
behaviour 



2005-08 
20-22 years 



558 (64%) subjects were scanned 
(lumbar MRI) 



N = 316 
•Refused 301 
•Refused to travel 6 
•Pregnant 2 
•Military service 2 
•Claustrophobia (known prior 
the study) 2 

•Claustrophobia (unknown prior 
the study) 3 



Figure 1 Flow-chart of the study population. The study population consisted of members of the 1 986 Northern Finland Birth Cohort (NFBC 
1986) in the two northernmost provinces of Finland (n = 9479). The study population comprised the 2969 subjects who lived within a radius of 
100 km around of the city of Oulu in 2003. The participants of the physical examination were invited to lumbar magnetic resonance imaging 
(MRI), which was performed at the mean age of 21. 



for the other levels (k = 0.41, 0.63 and 0.50 for L3-4, L4-5 
and L5-S1, respectively). Finally, all discrepancies were 
reviewed in consensus reading by the two radiologists. 

Anthropometric measures 

Height and weight were measured at the physical exami- 
nations but also self-reported by the participants at 16 and 
19 years of age. We calculated body mass index (BMI) as 
weight/height 2 (kg/m 2 ). Measured weight data was miss- 
ing for eight subjects at 16 years and was replaced by the 
self-reported value. Waist circumference (WC) was mea- 
sured halfway between the iliac crest and the lowest rib at 
16 and 19 years. We calculated the difference of height, 
weight, BMI, and WC at both 16 and 19 years. No an- 
thropometric data was available at 21 years. 



Level of leisure time physical activity 

We evaluated the amount of physical activity outside 
school hours separately for moderate-to-vigorous and 
light physical activity by asking, 'How many hours a 
week do you participate in a) brisk and b) light physical 
activity outside school hours?' In the questionnaire the 
term brisk was defined as physical activity causing at 
least some sweating and getting out of breath (here re- 
ferred to as moderate-to-vigorous intensity physical ac- 
tivity), and the term light as physical activity causing no 
sweating or shortage of breath. The response alternatives 
were: not at all, about half an hour, about one hour, 2-3 
hours, about 4-6 hours and 7 hours or more. Moreover, 
the adolescents were asked about their daily time spent 
on physically active commuting to and from school [14]. 
The response alternatives (not at all, less than 20 min, 
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20-39 min, 40-59 min, and at least 1 hour per day) were 
multiplied by five (five school days a week) to correspond 
to 0, 1, 2.5, 3.75 and 5 hours per week. In calculations we 
used a metabolic equivalent (MET) intensity value of 3 for 
light physical activity, 5 METs for brisk physical activity 
and 4 METs for commuting physical activity [15]. Thus, 
2.5 hours per week of each physical activity level 
corresponds to 30 MET hours per week (2.5h x 3 MET + 
2.5h x 4 MET + 2.5h x 5 MET). We summed the MET 
hours per week at 16 and 19 years and calculated the 
mean value of physical activity for the analyses. 

Smoking 

The number of pack-years of smoking was calculated by 
multiplying the number of packs of cigarettes smoked daily 
by years of smoking at the age of 19. Fifteen cigarettes were 
considered as one pack. Three groups of smoking status 
were formed: (1) non-smokers (reference category), (2) 
smokers with 0.01-3.99 pack-years of smoking, and (3) 
smokers with at least 4 pack-years of smoking. 

Statistics 

The association of DD sum score (outcome) with the ex- 
planatory factors (anthropometric measures, physical activ- 
ity and smoking) was examined by ordinal logistic 
regression based on proportional odds assumption. The 
outcome was the degree of DD, measured in ordered clas- 
ses. The original ranks (0 to 8) were reclassified by combin- 
ing the six highest classes (3 to 8) where the numbers were 
small, the final response variable having ordered values i = 
1 to 4. The explanatory variables BMI, weight, height and 
WC were treated in quartiles to allow for curvilinear associ- 
ations. The results were expressed as cumulative odds ra- 
tios (COR) and their 95% confidence intervals (CI). The 
COR expresses the ratio of odds for having a DD sum score 
greater or equal than that in any ordered class i, compared 
with that in all lower classes. This method combines the in- 
formation from all ordered categories under the assump- 
tion that the odds ratios over all pairs of categories > i vs. < 
i are similar. The proportionality assumption was checked 
by the score test using a 5% significance level [16]. Each ex- 
planatory variable was first entered alone (univariate ana- 
lysis), followed by multiple regressions based on several 
variables. To avoid multicollinearity of anthropometric 
measures, only the strongest factors were retained in the 
final model. Analyses were stratified by gender. All analyses 
were performed using SAS software (version 9.1, SAS Insti- 
tute Inc., Cary, NC, USA). 

Results 

Study population characteristics 

Lumbar spine MRI was performed on 233 males and 
325 females at a mean age of 21.2 years (range 20-23). 



Data on height, weight and BMI was available for 550 
subjects at 16 years, waist circumference for 537 and 
556 subjects at 16 and 19 years, respectively, and phys- 
ical activity levels for 555 subjects, while pack-years of 
smoking, weight, height, and BMI at 19 years were avail- 
able for all subjects. Table 1 shows the means and ranges 
for all anthropometric measures, MET hours per week, 
and the distribution of the subjects by pack-years 
of smoking. 

MRI findings 

Of the 558 subjects, 256 (46%) had no DD, 117 (21%) 
had sum score of one, 93 (17%) sum score of two, and 
92 (16%) sum score of three or higher. The distributions 
were not very different in males and females otherwise 
but relatively more females than males (52% vs. 36%) 
had normal discs (Figure 2). 

Association of disc degeneration with environmental 
factors 

The univariate analyses (Table 2) showed marked in- 
creases in COR by all anthropometric measures, from 
the lowest to highest quartiles, indicating an increase in 
the odds of belonging to any ordinal class of DD, or a 
class higher than that, compared with all lower classes. 
The increase of COR was mostly monotonic but not al- 
ways linear. In males, the CORs in the highest quartiles 
ranged from 2.2 to 4.0, and their CIs remained well 
above the baseline, while in females, the CORs were 
much smaller, only height at 16 years exceeding the 
baseline with any certainty. All anthropometric measures 
showed higher CORs at 16 years than at 19 years. Male 
smokers with at least four pack-years showed a signifi- 
cantly high COR. Similarly in women, the COR was 
highest in heavy smokers, but the finding did not reach 
statistical significance. Physical activity was not associ- 
ated with DD, although in females, the finding was sug- 
gestive of a U-shaped association with the lowest COR 
in the II quartile. 

BMI at 16 years was selected to represent anthropom- 
etry in further analyses. The final model in Table 3 in- 
cluded the quartiles of BMI and physical activity, and 
pack-years of smoking. Compared with the univariate as- 
sociations in Table 2, the CORs for BMI were slightly 
smaller and mostly exceeded the reference level in males 
but not in females. The association of smoking with DD in 
males attenuated after multivariate analysis to borderline 
statistical significance, but the confidence interval was 
wide and equally compatible with a 6-fold effect than no 
effect. The odds ratios for physical activity remained es- 
sentially unchanged. The score test indicated no violations 
of the proportional odds assumption at 5% level. 
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Table 1 Means and ranges of anthropometric measures and physical activity level and the distributions of subjects by 
smoking class 

Males Females Both sexes 

Means (ranges) of anthropometric measures and physical activity No. of valid observations 



BMI 16 yr (kg/m 2 ) 


21.2 (15.6-33.0) 


20.7 (14.5-35.8) 


20.9 (14.5-35.8) 


550 


BMI 19 yr (kg/m 2 ) 


23.8 (16.0-38.1) 


22.1 (15.8-39.9) 


22.8 (15.8-39.9) 


558 


Weight 16 yr (kg) 


65.6 (45.2-112.1) 


55.8 (37.5-94.0) 


59.9 (37.5-112.1) 


550 


Weight 19 yr (kg) 


75.7 (52.5-123.6) 


59.8 (39.9-114.1) 


66.4 (39.9-123.6) 


558 


Height 16 yr (cm) 


175.6 (158.2-196.2) 


164.1 (134.7-179.2) 


168.9 (134.7-196.2) 


550 


Height 19 yr (cm) 


1783 (158.5-201.0) 


1643 (145.0-179.0) 


170.1 (145.0-201.0) 


558 


Waist circumference 16 yr (cm) 


75.9 (62.5-108.1) 


704 (59.5-100.5) 


72.7 (59.5-108.1) 


537 


Waist circumference 19 yr (cm) 


81.8 (62.5-121.0) 


72.3 (59.0-118.5) 


763 (59.0-121.0) 


556 


Physical activity level (MET hours/week* 


34.6 (4.0-76.0) 


29.6 (2.8-64.3) 


31.7 (2.8-76.0) 


555 




Distributions of subjects by smoking class 




Smoking (pack- years*) at 19 yr 


No. (%) 


No. (%) 


No. (%) 




None 


1 77 (76) 


239 (74) 


416 (75) 




0.01-3.99 


37 (16) 


67 (21) 


104 (19) 




>4.00 


19 (8) 


19(6) 


38 (7) 




# Metabolic equivalent (MET) hours per week calculated from physical activity level outside school hours. 

* Years of smoking multiplied by the packs of cigarettes smoked daily. 



DD sum score of at least 3 



DD sum score of 2 



DD sum score of 1 



no DD 




□ Females 

□ Males 
■ All 



45.9% (256) 



0 50 100 150 200 250 300 

Figure 2 Prevalence of disc degeneration sum score of the lumbar spine in whole study population, males, and females. 
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Table 2 Crude associations of lumbar disc degeneration 
sum score with quartiles of on body mass index (BMI), 
weight, height, waist circumference and physical activity 
level, and pack-years of smoking 



Table 2 Crude associations of lumbar disc degeneration 
sum score with quartiles of on body mass index (BMI), 
weight, height, waist circumference and physical activity 
level, and pack-years of smoking (Continued) 



Males 
(N = 230) 



Females 
(N = 317) 



BMI at 16 years (kg/m 2 ; quartiles) 

1.00 1(14.5-18.8) 1.00 

1.44(0.74-2.81) 11(18.9-20.2) 0.72 

1.67(0.85-3.26) 111(20.3-21.9) 1.04 

2.64(1.35-5.16) IV (22.0-35.8) 1.33 
BMI at 19 years (kg/m ; quartiles) 

1.00 1(15.8-19.7) 1.00 

1.54(0.80-2.99) 11(19.8-21.5) 0.93 

1.34(0.69-2.61) 111(21.6-23.4) 0.83 

2.22 (1.14-4.33) IV (23.5-39.9) 1.09 

Weight at 16 years (kg; quartiles) 

1 .00 I (37.5-49.9) 1 .00 

2.04(1.04-4.03) 11(50.0-54.0) 0.88 

2.18(1.10-4.32) 111(54.1-60.3) 1.30 

4.00(2.01-7.96) IV (60.4-94.0) 1.57 

Weight 19 years (kg: quartiles) 

1 .00 I (39.9-52.9) 1 .00 

1.19(0.61-2.32) 11(53.0-57.8) 1.24 

1.77(0.91-3.44) 111(57.9-64.2) 1.23 

2.72(1.39-5.32) IV (64.3-1 14.1 ) 1.42 

Height at 16 years (cm; quartiles) 

1.00 1(134.7-160.9) 1.00 

2.03(1.02-4.04) 11(161.0-164.1) 1.28 

1.97(1.01-3.84) 111(164.2-168.0) 1.68 

3.39(1.72-6.70) IV (168.1-179.2) 1.81 
Height 19 years (cm; quartiles) 

1.00 1(145.0-160.9) 1.00 

1.01 (0.52-1.96) II (161.0-164.4) 1.06 
1.31(0.68-2.50) 111(164.5-167.9) 1.89 
2.28(1.16-4.46) IV (1 68.0-1 79.0) 1.77 

Waist circumference at 16 years (cm; quartiles) 

(62.5-70.4) 1 .00 I (59.5-65.9) 1 .00 

(70.5-74.0) 1.02(0.52-2.01) 11(66.0-69.0) 0.78 

(74.1-79.0) 1.67(0.85-3.28) 111(69.1-73.4) 0.98 

V (79.1-108.1) 3.11(1.58-6.15) IV (73.5-1 00.5) 1.24 

Waist circumference at 19 years (cm; quartiles) 

(62.5-75.9) 1 .00 I (59.0-66.9) 1 .00 

(76.0-79.0) 1.29(0.66-2.51) 11(67.0-70.0) 0.86 

11(79.1-85.9) 1.50(0.78-2.89) 111(70.1-75.0) 1.02 

V (86.0-121.0) 2.38 (1.23-4.62) IV (75.1-1 18.5) 0.85 



(15.6-19.0) 
(19.1-20.6) 
II (20.7-22.6) 

V (22.7-33.0) 

(16.0-21.1) 
(21.2-23.1) 
II (23.2-25.6) 

V (25.7-38.1) 

(452-57.2) 
(57.3-63.5) 
II (63.6-72.2) 

V (72.3-1 12.1) 

(52.5-66.9) 
(67.0-73.4) 
II (73.5-81.5) 

V (81.6-123.6) 

(158.2-171.3) 
(171.4-174.9) 
II (175.0-179.8) 

V (179.9-196.2) 

(158.5-173.9) 
(174.0-177.9) 
(178.0-182.9) 

V (183.0-201.0) 



(0.39-1.30) 
(0.58-1.87) 
(0.75-2.38) 



(0.52-1.66) 
(0.47-1 .49) 
(0.61-1.92) 



(0.48-1.61) 
(0.72-2.34) 
(0.88-2.81) 



(0.69-2.23) 
(0.69-2.21) 
(0.79-2.54) 



(0.70-2.35) 
(0.93-3.05) 
(1.00-3.29) 



(0.58-1.93) 
(1.04-3.42) 
(0.98-3-18) 



(0.43-1 .42) 
(0.54-1.78) 
(0.69-2.22) 



(0.48-1.52) 
(0.57-1 .85) 
(0.47-1.53) 



Physical activity level (MET hours/week; quartiles) 



I (4.0-23.9) 

II (24.0-34.9) 

III (35.0-45.0) 

IV (45.1-76.0) 

None 

0.01-3.99 

>4.00 



1 .00 (0.52-1 .92) 
1.00 

1.16 (0.61-2.24) 
1.12 (0.58-2.16) 



I (2.8-20.0) 

II (20.1-28.9) 

III (29.0-39.0) 

IV (39.1-64.3) 



Smoking (pack-years*) 
1.00 None 
1.49 (0.79-2.82) 0.01-3.99 
2.53 (1.08-5.97) >4.00 



1 .38 (0.77-2.47) 
1.00 

1.26 (0.70-2.27) 
1 .53 (0.85-2.74) 

1.00 

1.09 (0.66-1.82) 
1 .64 (0.70-3.84) 



* Metabolic equivalent (MET) hours per week calculated from physical activity 
outside school hours. 

* Years of smoking multiplied by the packs of cigarettes smoked daily. 
Numbers are cumulative odds ratios relative to reference (95% 
confidence intervals). 

Discussion 

High BMI at 16 and 19 years associated with lumbar DD 
at 21 years among males belonging to the birth cohort. 
Having smoked at least four pack-years was also associated 
with lumbar DD among males, even though the finding 
did not reach statistical significance at 5% level. Such asso- 
ciations were not observed among females. The level of 
physical activity was not related with DD in either gender. 

The first degenerative changes such as increased cell 
death, cleft and radial tear formation, and cracks in the 
endplates can be seen already at 1 1 years of age at the time 
when the discs start to become avascular as the vessels 
penetrating into the disc through the endplates are obliter- 
ated [17]. At molecular level, DD is characterized by loss 
of proteoglycans, which leads to desiccation [18,19]. Desic- 
cation can be seen in MRI as the decreased signal intensity 
of the nucleus pulposus. MRI studies, in accordance with 
histological ones, have found a high prevalence of DD 
already in adolescence or early adulthood [11,19-21] as we 
have earlier observed in our study population [12]. 

We are aware of only two previous studies on the 
association of DD with environmental factors among ado- 
lescents or young adults [22,23]. Both studies were cross- 
sectional in design. The Japanese study [23], consisting of 
308 university athletes and 70 non-athlete university stu- 
dents, observed that competitive baseball and swimming 
was associated with DD. The authors did not, however, 
evaluate the role of overweight or smoking. Among 13-20- 
year-old Southern Chinese subjects (n = 83), overweight or 
obesity based on Asian-modified BMI was significantly as- 
sociated with the severity of lumbar DD, while smoking 
was not [24]. Unfortunately, their sample size was too 
small to allow gender stratification. 

In the current study, BMI was associated with DD 
among males. We used two time points, 16 and 19 years, 
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Table 3 Cumulative odds ratios (COR) and their 95% 
confidence intervals (CI) from multiple ordinal logistic 
regressions of the lumbar disk degeneration sum score 
(in four-class ordinal scale) on body mass index (BMI), 
physical activity per week and pack-years of smoking 


Explanatory factors 


Males 


Females 




N = 230 


N = 317 




COR (95% CI) 


COR (95% CI) 


BMI at 16 years 
(kg/m 2 ; quartiles) 








1.00 


1.00 


II 


1 .44 (0.73-2.84) 


0.67 (0.37-1.23) 


III 


1 .64 (0.83-3.25) 


0.99 (0.54-1.81) 


IV 


2.35 (1.19-4.65) 


1.29 (0.72-2.32) 


Physical activity level" 
(MET hours/week; quartiles) 








1.00 (0.51-1.97) 


1 .38 (0.76-2.50) 


II 


1.00 


1.00 


III 


1 .27 (0.65-2.49) 


1 .27 (0.69-2.34) 


IV 


1 .27 (0.65-2.50) 


1 .52 (0.84-2.75) 


Smoking (pack-years*) 






None 


1.00 


1.00 


0.01-3.99 


1 .47 (0.76-2.83) 


1.09 (0.65-1.83) 


>4.00 


2.41 (0.99-5.86) 


1 .59 (0.67-3.76) 



# Metabolic equivalent (MET) hours per week calculated from physical activity 
outside school hours; mean value at 16 and 19 years. 

* Years of smoking multiplied by the packs of cigarettes smoked daily. 



to study this association. Our results are consistent with 
a prospective study among Finnish male adults (n = 129) 
in which persistent overweight (BMI >25 kg/m2) at 25 
and 40-45 years was associated with DD at L2/3 to L4/5 
in MRI. Moreover, overweight at 25 years was associated 
with incident DD over a four-year period while over- 
weight at 40-45 years was not [25] . Another longitudinal 
study [26] used the radiographic assessment of Dutch 
women's osteophytes and narrowing of the disc space 
over a nine-year period (n = 742; age range 45-64 years 
at baseline). BMI was a predictor of DD only among 
those without DD at baseline. Cross-sectional designs 
have found associations between overweight and DD, 
both positive [23,24] and negative [27]. Furthermore, 
BMI may be a risk factor of specific phenotypes of DD 
such as spondylosis and Modic changes [28-31]. Inter- 
estingly, among weight-disconcordant twins, overweight 
was associated with lesser desiccation of the interverte- 
bral discs suggested to be due to slow adaption to mech- 
anical loading [32]. The results were disputed by the 
findings of a British twin study in which weight-related 
factors were associated with DD [33]. 

A high level of physical activity is beneficial for meta- 
bolic syndrome and cardiovascular health [34]. Yet a 
high level of physical activity, especially participation in 



power sports, appears to accelerate the development of 
DD [23,35-37]. Indeed, this topic remains controversial 
as some studies have found a positive association be- 
tween heavy physical loading, either in occupation or 
sports, and DD, but negative findings have also been 
published [38-40]. The harmful effects of sports may be 
due to trauma, or excessive physical activity causing ab- 
normal stress on the structural components of the disc 
with failure of the motion segment [41,42]. In the 
current study, the overall level of physical activity be- 
tween the ages of 16 to 19 years was not associated with 
DD with any certainty. We evaluated overall level of 
physical activity as MET hours per week, which earlier 
studies have not done. METs take into account every 
physical activity level and therefore subjects who exer- 
cise actively even at a low level may have high MET 
scores. MET acts as a surrogate measure of overall phys- 
ical activity level, not only participation in physical exer- 
cise and sports. We did not, however, evaluate the 
association between different sports and DD and there- 
fore, we cannot rule out existence of risk sports with 
harmful effect on disc well-being. 

We found an association between smoking and DD 
among young adult males, which attenuated only slightly 
in the multivariate analysis. Previous population-based 
studies have found no such trend [24,38,43]. Among 
smoking-disconcordant adult twins, smoking explained 
only 2% of the variance in lumbar DD, which can be 
regarded as a marginal effect [10,44]. However, in experi- 
mental studies, smoking has indisputably caused degen- 
erative changes in the intervertebral discs [6,7,45]. It may 
well be that the association between smoking and DD can 
be observed more easily in a young population. Interest- 
ingly, a recent meta-analysis found a stronger association 
between smoking and low back pain (LBP) among adoles- 
cents than adults [46]. 

In our study, BMI was significantly associated with DD 
among males, whereas physical activity was not. Over- 
weight may cause or accelerate DD by a low-grade sys- 
temic inflammatory state caused by obesity [47,48]. We 
cannot exclude gene-environmental factor interactions 
such as those shown for obesity and the COL9A3 gene 
[49]. The deleterious effect of overweight on the well-being 
of intervertebral discs is supported by a recent study of 
surgical tissue samples, which showed that overweight cor- 
related with histological degenerative abnormalities [50]. 

The clinical relevance of DD is questioned by the fact 
that its prevalence is high among asymptomatic subjects 
[51,52]. However, increasing evidence has emerged that 
DD is associated with LBP both at a young age 
[12,20,22,52,53] and in adulthood [33,54-56]. Large pro- 
spective population-based cohorts are needed to evaluate 
whether weight control or smoking cessation protect from 
low back pain. 
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The strength of our study is the population-based birth 
cohort design, in which many environmental factors have 
been assessed prospectively from birth onwards. For this 
study, we used data regarding persistent smoking, BMI 
and physical activity at 16 and 19 years. Anthropometrics 
(weight, height, WC) were based on measured values in 
most cases. BMI was calculated using measured height 
and weight, but we did not use the published cut-off 
values of obesity and underweight for children and adoles- 
cents [57,58], because only a few subjects were outside the 
limits of the cut-offs. Moreover, using measurements at 16 
and 19 years allowed us to evaluate the impact of persist- 
ence, in anthropometric measures. An additional strength 
of our study is the narrow age range, which enabled us to 
minimize the confounding effect of age. 

The main limitation of our study is the cross-sectional 
design of imaging, which prevents us from drawing conclu- 
sions about temporal patterns between environmental fac- 
tors and MRI findings due to the lack of sequential MRI 
scans. Therefore, the onset and progress of DD in the lum- 
bar spine among the study subjects remains unknown. 
However, as DD has early onset [22], a very large cohort 
starting at early years with annual imaging for decades 
would be needed in order to study the natural progression 
of degenerative changes and their association with un- 
healthy behaviors. 

A further limitation is that the data on smoking 
consisted of self-reported values. We used pack-years at 
19 years and for physical activity the mean of MET hours 
per week at 16 and 19 years. We assume that young adults 
are more likely to underreport smoking than to overesti- 
mate it and, hence we regard the association between 
smoking and DD among males plausible. Assessment of 
physical activity was also based on self-reported values, 
which may have led to over-reporting of physical activity 
[59]. Unfortunately, more objective methods for assess- 
ment of physical activity such as pedometers, accelometers 
and heart rate monitors were not available in the present 
study. However, the test-retest reliability of physical activ- 
ity questionnaire has been shown to be good at 16-year 
old population [14]. Correlation between self rated brisk 
physical activity and measured aerobic fitness has earlier 
been found to be acceptable also among 8 and 10 year old 
schoolchildren [60]. Another limitation of our study was 
that DD was evaluated visually from MRI. We used quali- 
tative Pfirrmann classification [13], which is considered in- 
ferior to the quantitative assessment of DD [61,62]. 
We agree that visual evaluation is more robust than 
quantitative assessment but we have earlier found a 
moderate-to-good inter-rater reliability art the three low- 
est levels [12]. The kappa-values were lower than previ- 
ously reported [63], but the disagreements were settled by 
consensus in our study. Moreover, due to the young age of 
our participants, the influence of environmental factors on 



lumbar DD might be less than genetic factors. However, 
associations of environmental factors with DD clearly 
existed among our study participants. 

The MRI participants (n = 563) were more likely fe- 
males, sat for shorter times, were more physically active, 
were more likely non-smokers and more likely suffered 
from LBP than non-participants to MRI of the original 
OBS postal survey (n = 2408). Thus, although some par- 
ticipation bias occurred, its impact on the generalizability 
of the results is likely to be small since the differences 
were minimal. Furthermore, no relevant bias was observed 
between the participants and nonparticipants among the 
subjects invited to MRI, as only BMI was found to be 
somewhat lower among the scanned subjects [12]. 

Conclusion 

Our study showed an association between BMI and DD 
among young males, whereas no such associations were ob- 
served among females. Also having smoked at least four 
pack-years showed a comparable association in males, 
which however failed to reach the 5% statistical significance. 
Physical activity had no significant association with DD in 
either gender. These results suggest that environmental fac- 
tors are associated with DD among young males. 

Abbreviations 

BMI: Body mass index; CI: Confidence interval; COR: Cumulative odds ratio; 
DD: Disc degeneration; LBP: Low back pain; MET: Metabolic equivalent; 
MRI: Magnetic resonance imaging; NFBC: Northern Finland birth cohort; 
WC: Waist circumference. 

Competing interests 

The author(s) declare that they have no competing interests. 
Authors' contributions 

JT read the lumbar MRIs, analyzed and interpreted data and had the most 
significant role in drafting manuscript. JK, ST, SN, JR and 0T had significant 
role in study design and analyzing the data. JK and OT also enabled the 
collection of data. JN and RBS had significant role in interpreting the lumbar 
magnetic resonance images and had a contribution to data analysis. JL, TT 
and RK had significant role in interpreting the data. MP gave valuable 
advices on data in overall and helped in analyzing the data. All authors 
helped to draft the manuscript, and read and approved the final manuscript. 

Acknowledgement 

JT would like to acknowledge the TBGS (National Graduate School of 
Musculoskeletal Disorders and Biomaterials) for its support and Yrjo Jahnsson 
Foundation for a funding. This study was partly funded by the Academy of 
Finland (grants 121620 and 129504). 

Author details 

'institute of Clinical Medicine, Department of Physical and Rehabilitation 
Medicine, University of Oulu, PL 5000, Oulu 90014, Finland. 2 Oulu University 
Hospital, Oulu, Finland. 3 Finnish Institute of Occupational Health, Health and 
Work Ability, and Disability Prevention Centre, Oulu, Finland, department of 
Public Health, University of Helsinki, Helsinki, Finland, institute of 
Diagnostics, University of Oulu, Oulu, Finland, institute of Health Sciences, 
University of Oulu, Oulu, Finland. 'Center for Environmental and Respiratory 
Health Research, University of Oulu, Oulu, Finland. 8 LIKES Research Center for 
Sport and Health Sciences, Jyvaskyla, Finland. 'Department of Sports and 
Exercise Medicine, Oulu Deaconess Institute, Oulu, Finland. 

Received: 25 October 2012 Accepted: 6 March 2013 
Published: 11 March 2013 



Takatalo ef al. BMC Musculoskeletal Disorders 201 3, 14:87 
http://www.biomedcentral.com/1471-2474/14/87 



Page 9 of 10 



References 

1 . Nachemson A, Lewin T, Maroudas A, Freeman MA: In vitro diffusion of dye 
through the end-plates and the annulus fibrosus of human lumbar inter- 
vertebral discs. Acta Orthop Scand 1 970, 41 :589-607. 

2. Horner HA, Urban JP: 2001 Volvo award winner in basic science studies: 
effect of nutrient supply on the viability of cells from the nucleus 
pulposus of the intervertebral disc. Spine (Phila Pa 1976) 2001, 
26:2543-2549. 

3. Grunhagen T, Shirazi-Adl A, Fairbank JC, Urban JP: Intervertebral disk 
nutrition: a review of factors influencing concentrations of nutrients and 
metabolites. Orthop Clin North Am 201 1, 42:465-477. 

4. Kauppila LI, Penttila A, Karhunen PJ, Lalu K, Hannikainen P: Lumbar disc 
degeneration and atherosclerosis of the abdominal aorta. Spine (Phila Pa 
1976) 1994, 19:923-929. 

5. Kauppila LI, McAlindon T, Evans S, Wilson PW, Kiel D, Felson DT: Disc 
degeneration/back pain and calcification of the abdominal aorta. A 25-year 
follow-up study in framingham. Spine (Phila Pa 1976) 1997, 22:1642-1627. 

6. Iwahashi M, Matsuzaki H, Tokuhashi Y, Wakabayashi K, Uematsu Y: 
Mechanism of intervertebral disc degeneration caused by nicotine in 
rabbits to explicate intervertebral disc disorders caused by smoking. 
Spine (Phila Pa 1976) 2002, 27:1396-1401. 

7. Oda H, Matsuzaki H, Tokuhashi Y, Wakabayashi K, Uematsu Y, Iwahashi M: 
Degeneration of intervertebral discs due to smoking: experimental 
assessment in a rat-smoking model. J Orthop Sci 2004, 9:135-141. 

8. Despres JP, Lemieux I: Abdominal obesity and metabolic syndrome. 
Nature 2006, 444:881-7. 

9. Holm S, Nachemson A: Variations in the nutrition of the canine 
intervertebral disc induced by motion. Spine (Phila Pa 1976) 1983, 8:866-874. 

10. Battie MC, Videman T, Gibbons LE, Fisher LD, Manninen H, Gill K: 1995 
Volvo award in clinical sciences, determinants of lumbar disc 
degeneration. A study relating lifetime exposures and magnetic 
resonance imaging findings in identical twins. Spine (Phila Pa 1976) 1995, 
20:2601-2612. 

1 1. Sambrook PN, MacGregor AJ, SpectorTD: Genetic influences on cervical 
and lumbar disc degeneration: a magnetic resonance imaging study in 
twins. Arthritis Rheum 1999, 42:366-372. 

1 2. Takatalo J, Karppinen J, Niinimaki J, Taimela 5, Nayha S, Jarvelin MR, 
Kyllonen E, Tervonen 0: Prevalence of degenerative imaging findings in 
lumbar magnetic resonance imaging among young adults. 

Spine (Phila Pa 1976) 2009, 34:1716-1721. 

1 3. Pfirrmann CW, Metzdorf A, Zanetti M, Hodler J, Boos N: Magnetic 
resonance classification of lumbar intervertebral disc degeneration. Spine 
(Phila Pa 1976) 2001, 26:1873-1878. 

14. Tammelin T, Ekelund U, Remes J, Nayha S: Physical activity and sedentary 
behaviors among finnish youth. Med Sci Sports Exerc 2007, 39:1067-1074. 

1 5. Ainsworth BE, Haskell WL, Whitt MC, Irwin ML, Swartz AM, Strath SJ, O'Brien 
WL, Bassett DR Jr, Schmitz KH, Emplaincourt PO, Jacobs DR Jr, Leon AS: 
Compendium of physical activities: an update of activity codes and MET 
intensities. Med Sci Sports Exerc 2000, 32(Suppl):S498-504. 

16. Hosmer DW, Lemeshow S: Applied logistic regression. 2nd edition. Hoboken, 
NJ: John Wiley & Sons, Inc; 2000:133-4. 286-301. 

1 7. Boos N, Weissbach S, Rohrbach H, Weiler C, Spratt KF, Nerlich AG: 
Classification of age-related changes in lumbar intervertebral discs: 2002 
volvo award in basic science. Spine (Phila Pa 1976) 2002, 27:2631-2644. 

18. Karppinen J, Inkinen Rl, Kaapa E, Lammi MJ, Tammi Ml, Holm S, Vanharanta 
H: Effects of tiaprofenic acid and indomethacin on proteoglycans in the 
degenerating porcine intervertebral disc. Spine (Phila Pa 1976) 1995, 
20:1170-1177. 

1 9. Urban JP, Roberts S: Degeneration of the intervertebral disc. Arthritis Res 
Ther 2003, 5:120-130. 

20. Erkintalo MO, Salminen JJ, Alanen AM, Paajanen HE, Kormano MJ: 
Development of degenerative changes in the lumbar intervertebral disk: 
results of a prospective MR imaging study in adolescents with and 
without low-back pain. Radiology 1995, 196:529-533. 

21. Salminen JJ, Erkintalo MO, Pentti J, Oksanen A, Kormano MJ: Recurrent low 
back pain and early disc degeneration in the young. Spine (Phila Pa 1976) 
1999, 24:1316-1321. 

22. Kjaer P, Leboeuf-Yde C, Sorensen JS, Bendix T: An epidemiologic study of 
MRI and low back pain in 13-year-old children. Spine (Phila Pa 1976) 2005, 
30:798-806. 



23. Hangai M, Kaneoka K, Hinotsu S, Shimizu K, Okubo Y, Miyakawa S, Mukai N, 
Sakane M, Ochiai N: Lumbar intervertebral disk degeneration in athletes. 
Am J Sports Med 2009, 37:149-155. 

24. Samartzis D, Karppinen J, Mok F, Fong DY, Luk KD, Cheung KM: A 
population-based study of juvenile disc degeneration and its association 
with overweight and obesity, low back pain, and diminished functional 
status. J Bone Joint Surg Am 201 1, 93:662-670. 

25. Liuke M, Solovieva S, Lamminen A, Luoma K, Leino-Arjas P, Luukkonen R, 
Riihimaki H: Disc degeneration of the lumbar spine in relation to 
overweight. Int J Obes (Lond) 2005, 29:903-908. 

26. Symmons DP, van Hemert AM, Vandenbroucke JP, Valkenburg HA: A 
longitudinal study of back pain and radiological changes in the lumbar 
spines of middle aged women. II. radiographic findings. Ann Rheum Dis 
1991, 50:162-166. 

27. Kanayama M, Togawa D, Takahashi C, Terai T, Hashimoto T: Cross-sectional 
magnetic resonance imaging study of lumbar disc degeneration in 200 
healthy individuals. J Neurosurg Spine 2009, 1 1:501-507. 

28. Biering-Sorensen F, Hansen FR, Schroll M, Runeborg O: The relation of 
spinal x-ray to low-back pain and physical activity among 60-year-old 
men and women. Spine (Phila Pa 1976) 1985, 10:445-451. 

29. O'Neill TW, McCloskey EV, Kanis JA, Bhalla AK, Reeve J, Reid DM, Todd C, 
Woolf AD, Silman AJ: The distribution, determinants, and clinical 
correlates of vertebral osteophytosis: A population based survey. 

J Rheumatol 1 999, 26:842-848. 

30. Chaiwanichsiri D, Jiamworakul A, Jitapunkul S: Lumbar disc degeneration in 
Thai elderly: a population-based study. J Med Assoc Thai 2007, 90:2477-81 . 

31. Kuisma M, Karppinen J, Haapea M, Niinimaki J, Ojala R, Helibvaara M, 
Korpelainen R, Kaikkonen H, Taimela S, Natri A, Tervonen O: Are the 
determinants of vertebral endplate changes and severe disc degeneration 
in the lumbar spine the same? A magnetic resonance imaging study in 
middle-aged male workers. BMC Musculoskelet Disord 2008, 9:51 . 

32. Videman T, Gibbons LE, Kaprio J, Battie MC: Challenging the cumulative 
injury model: positive effects of greater body mass on disc 
degeneration. Spine J 201 0, 10:26-31 . 

33. Livshits G, Popham M, Malkin I, Sambrook PN, Macgregor AJ, Spector T, 
Williams FM: Lumbar disc degeneration and genetic factors are the main 
risk factors for low back pain in women: the UK twin spine study. 

Ann Rheum Dis 201 1, 70:1 740-1 745. 

34. Jiamsripong P, Mookadam M, Alharthi MS, Khandheria BK, Mookadam F: 
The metabolic syndrome and cardiovascular disease: part 2. Prev Cardiol 
2008, 11:223-229. 

35. Sward L, Hellstrom M, Jacobsson B, Nyman R, Peterson L: Disc 
degeneration and associated abnormalities of the spine in elite 
gymnasts. A magnetic resonance imaging study. Spine (Phila Pa 1976) 
1991, 16:437-443. 

36. Videman T, Battie MC, Gibbons LE, Manninen H, Gill K, Fisher LD, Koskenvuo 
M: Lifetime exercise and disk degeneration: an MRI study of 
monozygotic twins. Med Sci Sports Exerc 1997, 29:1350-1356. 

37. Ong A, Anderson J, Roche J: A pilot study of the prevalence of lumbar 
disc degeneration in elite athletes with lower back pain at the Sydney 
2000 Olympic games. Br J Sports Med 2003, 37:263-266. 

38. Hassett G, Hart DJ, Manek NJ, Doyle DV, Spector TD: Risk factors for 
progression of lumbar spine disc degeneration: the Chingford study. 
Arthritis Rheum 2003, 48:31 12-31 17. 

39. Battie MC, Videman T, Parent E: Lumbar disc degeneration: epidemiology 
and genetic influences. Spine (Phila Pa 1976) 2004, 29:2679-2690. 

40. Battie MC, Videman T, Kaprio J, Gibbons LE, Gill K, Manninen H, Saarela J, 
Peltonen L: The twin spine study: contributions to a changing view of 
disc degeneration. Spine J 2009, 9:47-59. 

41. Adams MA, Freeman BJ, Morrison HP, Nelson IW, Dolan P: Mechanical 
initiation of intervertebral disc degeneration. Spine (Phila Pa 1976) 2000, 
25:1625-1636. 

42. Adams MA, Dolan P, McNally DS: The internal mechanical functioning of 
intervertebral discs and articular cartilage, and its relevance to matrix 
biology. Matrix Biol 2009, 28:384-389. 

43. Hangai M, Kaneoka K, Kuno S, Hinotsu S, Sakane M, Mamizuka N, Sakai S, 
Ochiai N: Factors associated with lumbar intervertebral disc 
degeneration in the elderly. Spine J 2008, 8:732-740. 

44. Battie MC, Videman T, Gill K, Moneta GB, Nyman R, Kaprio J, Koskenvuo M: 
1991 Volvo award in clinical sciences, smoking and lumbar 



Takatalo ef al. BMC Musculoskeletal Disorders 201 3, 14:87 
http://www.biomedcentral.com/1471-2474/14/87 



Page 10 of 10 



45. 



47. 



49. 



50. 



52. 



53. 



54. 



55. 



56. 



57. 



58. 



59. 



60. 



62. 



63. 



intervertebral disc degeneration: An MRI study of identical twins. 

Spine (Phila Pa 1976) 1991, 16:1015-1021. 

Vo N, Wang D, Sowa G, Witt W, Ngo K, Coelho P, Bedison R, Byer B, Studer 
R, Lee J, Di YP, Kang J: Differential effects of nicotine and tobacco smoke 
condensate on human annulus fibrosus cell metabolism. J Orthop Res 

2011, 29:1585-1591. 

Shiri R, Karppinen J, Leino-Arjas P, Solovieva S, Viikari-Juntura E: The 
association between smoking and low back pain: a meta-analysis. Am J 

Med 2010, 123:87. e7-35. 

Das UN: Is obesity an inflammatory condition? Nutrition 2001, 17:953-966. 
Girn HR, Orsi NM, Homer-Vanniasinkam S: An overview of cytokine 
interactions in atherosclerosis and implications for peripheral arterial 
disease. Vase Med 2007, 12:299-309. 

Solovieva S, Lohiniva J, Leino-Arjas P, Raininko R, Luoma K, Ala-Kokko L, 
Riihimaki H: COL9A3 Gene polymorphism and obesity in intervertebral 
disc degeneration of the lumbar spine: evidence of gene-environment 
interaction. Spine (Phila Pa 1976) 2002, 27:2691-2696. 
Weiler C, Lopez-Ramos M, Mayer H: Histological analysis of surgical 
lumbar intervertebral disc tissue provides evidence for an association 
between disc degeneration and increased body mass index. BMC 
Researeh Notes 201 1,4:497. 

Boden SD, Davis DO, Dina TS, Patronas NJ, Wiesel SW: Abnormal magnetic- 
resonance scans of the lumbar spine in asymptomatic subjects. A 
prospective investigation. J Bone Joint Surg Am 1 990, 72:403-408. 
Jensen MC, Brant-Zawadzki MN, Obuchowski N, Modic MT, Malkasian D, 
Ross JS: Magnetic resonance imaging of the lumbar spine in people 
without back pain. N Engl J Med 1994, 331:69-73. 
Paajanen H, Erkintalo M, Kuusela T, Dahlstrom S, Kormano M: Magnetic 
resonance study of disc degeneration in young low-back pain patients. 
Spine (Phila Pa 1976) 1989, 14:982-985. 

Luoma K, Riihimaki H, Luukkonen R, Raininko R, Viikari-Juntura E, Lamminen 
A: Low back pain in relation to lumbar disc degeneration. Spine (Phila Pa 
1976) 2000, 25:487-492. 

Cheung KMC, Karppinen J, Chan D, Ho DW, Song YQ, Sham P, Cheah KS, 
Leong JC, Luk KD: Prevalence and pattern of lumbar magnetic resonance 
imaging changes in a population study of one thousand forty-three 
individuals. Spine (Phila Pa 1976) 2009, 34:934-940. 
de Schepper El, Damen J, van Meurs JB, Ginai AZ, Popham M, Hofman A, 
Koes BW, Bierma-Zeinstra SM: The association between lumbar disc 
degeneration and low back pain: the influence of age, gender, and 
individual radiographic features. Spine (Phila Pa 1976) 2010, 35:531-536. 
Cole TJ, Bellizzi MC, Flegal KM, Dietz WH: Establishing a standard definition 
for child overweight and obesity worldwide: international survey. BMJ 

2000, 320:1240-1243. 

Cole TJ, Flegal KM, Nicholls D, Jackson AA: Body mass index cut offs to 
define thinness in children and adolescents: international survey. BMJ 

2007, 335:194. 

Klesges RC, Eck LH, Mellon MW, Fulliton W, Somes GW, Hanson CL: The 
accuracy of self-reports of physical activity. Med Sci Sports Exerc 1990, 
22:690-697. 

Booth ML, Okely AD, Chey T, Bauman A: The reliability and validity of the 
physical activity questions in the WHO health behaviour in 
schoolchildren (HBSC) survey: a population study. Med Sci Sports Exerc 

2001, 35:263-267. 

Videman T, Battie MC, Parent E, Gibbons LE, Vainio P, Kaprio J: Progression 
and determinants of quantitative magnetic resonance imaging measures 
of lumbar disc degeneration: a five-year follow-up of adult male 
monozygotic twins. Spine (Phila Pa 1976) 2008, 33:1484-1490. 
Niinimaki J, Korkiakoski A, Ojala 0, Karppinen J, Ruohonen J, Haapea M, 
Korpelainen R, Natri A, Tervonen O: Association between visual 
degeneration of intervertebral discs and the apparent diffusion 
coefficient. Magn Reson Imaging 2009, 27:641-647. 
Carrino JA, Lurie JD, Tosteson AN, Tosteson TD, Carragee EJ, Kaiser J, Grove 
MR, Blood E, Pearson LH, Weinstein JN, Herzog R: Lumbar spine: reliability 
of MR imaging findings. Radiology 2009, 250:161-170. 



do!:1 0.1 186/1471-2474-14-87 

Cite this article as: Takatalo et al:. Body mass index is associated with 
lumbar disc degeneration in young Finnish males: subsample of 
Northern Finland birth cohort study 1986. BMC Musculoskeletal Disorders 
2013 14:87. 



Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at 
www. biomedcentra I .com/su bmit 



o 



BioMed Central 



